Background: Little is known about the impact of sleep disturbances (SD) or sleep-related impairment (SRI) in adults with AD or their relationship with severity of AD and itch and other predictors.
A topic dermatitis (AD) is a highly symptomatic, inflammatory skin condition that is associated with intense itch and skin pain. 1 A previous study found that fatigue, regular insomnia, and regular daytime sleepiness were reported by 26% to 34% of US adults with AD and associated with poorer quality of life. 2 Another study found that US adults with AD have significantly impaired sleep and fatigue affecting instrumental activities of daily living. 3 Although sleep disturbances (SDs) are a well-established concern in the management of AD, little is known about the relationship of the severity of AD and itch with SDs and sleep-related impacts (SRIs). We hypothesized that most patients with AD have at least some symptoms of SD and SRI, but only a small subset has profound SD and SRI. However, little is known about other predictors of profound SD and SRI among adults with AD. We hypothesized that SD and SRI have a complex relationship with severity of AD and itch. In the present study, we studied the impact of SD and SRI in adults with AD.
METHODS

Subjects
This questionnaire-based study was approved by the institutional review board at Northwestern University for adults (aged ≥18 years, male or female) with AD. The questionnaire was uploaded to Research Data Capture Software, and members of nonprofit support groups (National Eczema Association and National Eczema Society) for AD were invited to participate by responding to the survey. All patients provided electronic informed consent. Neither the initial invitation to participate in the study nor the informed consent statement explicitly mentioned that the study was about SDs.
Responses from initiation of the study in June 2014 to January 2015 were reviewed. The completion rate for the survey was 95.1% among those who began the survey; partial responses were excluded. The questionnaire took an average of 18 minutes (range, 15-23 minutes) to complete. Data were deidentified and confidential and posed a minimal risk to participants.
Questionnaire
The questionnaire was developed to determine the burden of AD in adults (Supplemental Digital Content, http://links.lww.com/DER/ A14). The questionnaire included questions about sociodemographics, health behaviors, employment, history of atopic and mental health disorders, and previously validated patient-reported outcome (PRO) assessments of eczema, including Patient-Oriented Eczema Measure (POEM), 4, 5 self-reported global AD severity, Self-administered Eczema Area and Severity Index (SA-EASI) as a measure of lesional extent and severity, 6 and visual analog scale for itch (VAS-itch).
7
Sleep was assessed using questions about self-reported sleep duration and the Patient-Reported Outcome Measurement Information System (PROMIS) questionnaires for SD and SRI. 8 Patient-Reported
Outcome Measurement Information System was developed by a National Institutes of Health-funded consortium that aims to develop questionnaires that measure key health-outcome domains. Patient-Reported Outcome Measurement Information System SD assesses perceptions of sleep quality, sleep depth, and restoration associated with sleep; perceived difficulties and concerns with getting to sleep or staying asleep; and perceptions of the adequacy of and satisfaction with sleep. Patient-Reported Outcome Measurement Information System SRI assesses perceptions of alertness, sleepiness, and tiredness during usual waking hours and the perceived functional impairments during wakefulness associated with sleep problems or impaired alertness. These instruments were previously validated and found to strongly correlate with both objective and other PRO measures of sleep quality. 8 Using lookup tables, 8 the total score was converted to a T-score that is referenced to the US general population.
Data Processing and Statistical Analysis
Patient-Oriented Eczema Measure, SA-EASI, VAS-itch, and PROMIS SD and SRI T-scores were analyzed as both interval and ordinal variables. None of the scores were normally distributed; therefore, nonparametric assessments were used. Patient-Oriented Eczema Measure was analyzed as an ordinal variable using previously developed bands (clear/almost clear, 0-2; mild, 3-7; moderate, 8-16; severe, 17-24; very severe, 25-28). 10 Visual analog scale for itch was analyzed using previously developed bands (none, 0; mild, >0 to <40; moderate, ≥40 to <70; severe, ≥70 to <90; very severe, ≥90). 11 Self-administered Eczema Area and Severity Index was analyzed as an ordinal variable by dividing into tertiles. To determine the relationship of AD severity with sleep outcomes, ordinal logistic regression models were constructed with individual questions from PROMIS SD and SRI as the outcome variables. All questions used a 5-point Likert scale. This approach was used because it allowed for an estimation of a single odds ratio (OR) and 95% confidence interval (CI) across all levels of the dependent variable simultaneously, rather than arbitrarily setting a cutoff point and analyzing with binary logistic regression. The proportional odds assumption was met for all outcomes (score test, P > 0.05). Patient-Oriented Eczema Measure, self-reported global AD severity VAS-itch, and SA-EASI were the ordinal explanatory variables. Multivariable models included comorbid asthma, hay fever, depression and anxiety (binary), body mass index (continuous), insurance status (binary), alcohol consumption (binary), history of smoking cigarettes (binary) or using snuff (binary), race/ethnicity (white, black, Hispanic, Asian, multiracial/other), age (continuous), and sex (male, female). Adjusted OR and 95% CI were estimated.
To test the relationship of AD severity with PROMIS SD and SRI, 2 different approaches were used. First, linear regression models were constructed with PROMIS SD or SRI as the continuous dependent variable. The continuous independent variables were AD severity, that is, POEM, VAS-itch, or SA-EASI. Based on a visual inspection of scatterplots, a nonlinear relationship was examined. Linear and multiple orders of spline functions were tested and retained based on the best statistical fit. A penalized spline term with 1 knot was the best-fitting model. Inclusion of the penalized spline in the regression models allowed for a nonlinear relationship between variables. Second, the proportions of patients with no to slight (T-score < 55), mild (55-59), moderate (60-69), and severe (≥70) SD and SRI were determined across different strata for POEM, self-reported global AD severity, VAS-itch, and SA-EASI scores.
Because factors other than itch and AD severity impact sleep, we constructed multivariable logistic regression models with SD and SRI T-scores of 55 or greater as the binary outcome variables and stepwise selection from 20 independent covariates, including sociodemographics and comorbid allergic and mental health disorders (α = 0.15).
All data analyses and statistical processes were performed using SAS version 9.4 (SAS Institute, Cary, NC). A 2-sided value of P < 0.05 was used to indicate significance for all estimates.
RESULTS
Participant Characteristics
Two hundred eighty-seven adults were enrolled in the study. Participants were distributed across ages 18 to 69 years and a range of household income levels; were predominantly female (79.1%), white (80.7%), and non-Hispanic (89.9%); and had post-high school education (83.3%) ( Table 1) .
Most subjects reported their AD to be moderate to very severe over the past week based on the POEM score (92.3%) and selfreported global AD severity (90.5%), with a median active itch of 65 on a 100-point scale (range, 5-100) and a median total SA-EASI score of 16.8 (range, 1.1-81).
Sleep Disturbance and SRI
Most patients reported 1 or more nights of SD in the past week due to their eczema (224 [79.1%]). One hundred thirty-four subjects (47.3%) reported an average of 6 or fewer hours of sleep (short duration), whereas 130 (45.9%) and 19 (6.7%) reported 7 to 8 (normal duration) or 9 to 10 (prolonged duration) hours of sleep.
Only 58 adults with AD (21.8%) endorsed having good or very good sleep quality in the past week. In particular, adults with AD commonly endorsed having restless sleep (41.1% reporting quite a bit or very much); were not satisfied with their sleep (54.8% reporting not at all or a little bit); did not have refreshing sleep (58.5% reporting not at all or a little bit); had difficulty sleeping (36.4% reporting often or always), including falling asleep (31.4% reporting often or always) and staying asleep (31.4% reporting often or always); and did not get enough sleep (24.7% reporting often or always) ( Table 2 ). In addition, most adults with AD reported some SRI, including difficulty getting things done because of being sleepy, not feeling alert when waking up, feeling tired, having problems during the day because of poor sleep, having a hard time concentrating because of poor sleep, being irritable because of poor sleep, feeling sleepy during daytime, and having trouble staying awake during the day.
However, a subset of subjects with AD endorsed a more profound impact from SD than SRI, with fewer than half of the subjects having a profound impact from SRI in the past week (quite a bit/ very much or often/always) ( 
AD Severity, SD, and SRI
Multivariable ordinal logistic regression models were constructed to determine the relationship between AD severity and individual aspects of SD and SRI. Increasing AD severity was associated with numerically higher odds for all of the aforementioned individual symptoms of SD and SRI. However, only a subset of subjects with severe or very severe POEM, moderate and severe self-reported global assessment of AD, severe or very severe VAS-itch, and highest tertile SA-EASI scores had significantly higher odds for all aspects of SD and SRI (Fig. 1) .
Patient-Reported Outcome Measurement Information System SD and SRI T-scores rescale the raw composite SD and SRI scores into standardized scores with a mean of 50 and a standard deviation of 10, where a score of 50 is the average score for people in the US general population. Patient-Oriented Eczema Measure, VAS-itch, and SA-EASI were all only weakly or moderately correlated with PROMIS SD (Spearman correlation; ρ POEM = 0.18, ρ VAS-itch = 0.13, ρ SA-EASI = 0.22) and SRI (ρ POEM = 0.34, ρ VAS-itch = 0.24, ρ SA-EASI = 0.28) Tscores. There were nonlinear relationships of PROMIS SD and SRI T-scores with POEM, VAS-itch, and SA-EASI, which were significantly better depicted using higher-order polynomial functions (P < 0.001) and improvement of model fit (Fig. 2) . That is, SD and SRI occurred particularly among a subset of adults with severe or very severe POEM, VAS-itch, and SA-EASI scores. In order to interpret PROMIS SD and SRI T-scores, the proportions of subjects falling within previously established severity strata (none, mild, moderate, and severe) were determined across different AD severities (Fig. 3) . Virtually no subjects with AD had moderate or severe SD compared with the US population. In contrast, substantial proportions of subjects with AD had moderate and severe SRIs. The proportion of patients with mild, moderate, and severe SDs and SRIs generally increased with more severe POEM, selfreported global AD severity, VAS-itch, and SA-EASI scores, although there was poor concordance between severity of AD, and SD and SRI. Even among patients with severe or very severe AD, the majority did not perceive SD. In addition, there were substantial proportions of patients with clear or mild AD who perceived SRI and patients with severe or very severe AD who did not perceive SRI.
Other Predictors of SDs and SRI
To identify other predictors of SD and SRI, multivariate logistic regression models with stepwise selection from 20 covariates, including sociodemographics and comorbid allergic and mental health disorders were created. Sleep disturbance T-scores greater than 55 were significantly associated with VAS-itch scores (OR, 1.025 [95% CI, 1.002-1.049]). In contrast, an SRI was associated with selfreported severe AD (adjusted OR, 13.198 
DISCUSSION
The present study found that symptoms of SD and SRI were common among adults with AD, including multiple nights of disturbed sleep, difficulty falling asleep, short sleep duration, poor sleep quality, impaired alertness, increased sleepiness, and impaired function secondary to poor sleep, for example, having difficulty at school or work and falling asleep while driving. However, elevated PROMIS SD and SRI T-scores were observed in only a minority of patients with AD, particularly those with severe or very severe AD, indicating that most patients with AD do not have more profound SD and SRI than the rest of the US population. Nevertheless, SD and SRI are clinically relevant in a subset of patients with AD and may indirectly impact the health of adults with AD. Previous studies found that insomnia, daytime sleepiness, and fatigue in US adults with AD were associated with poor overall health, increased health care utilization and sick days, 2 and increased fractures and other injuries, 12, 13 headaches, 14 and cardiovascular diseases. 15 Given the potential impact of SD and SRI on overall health and their poor correlation with AD severity, it seems that SD and SRI should specifically be assessed in patients with AD aside from AD severity. Furthermore, SD and SRI should be considered together with other AD severity assessments when assessing the burden of and making therapeutic decisions in AD. 16 Multiple previous studies using objective measures, such as actigraphy and polysomnography, demonstrated poor sleep outcomes in children with AD. 17, 18 However, few studies have evaluated the impact of AD on sleep in adults. A case-control study of 14 adults with moderate to severe AD and 14 control subjects found significantly worse sleep outcomes, including lower sleep efficiency and more awakenings, using actigraphy and self-reported measures.
19 Figure 1 . Forest plots of adjusted ORs and 95% CIs for the associations between AD severity and individual aspects from the PROMIS SD and SRI questionnaires.
However, that study neither examined mild AD nor stratified SDs by AD severity. A previous study of 112 Japanese adults with AD found weak to moderate correlations between self-reported sleep outcomes using the Japanese version of the Pittsburgh Sleep Quality Index and AD severity as judged by scoring AD. 20 The present study demonstrated considerable SDs and SRIs using the respective PROMIS SD and SRI short forms, which were previously validated and found to strongly correlate with actigraphy. 8 Together, these studies indicate that severe to very severe AD is particularly associated with poor sleep outcomes. A substantial proportion of subjects with milder AD still reported SD and SRI. These results are consistent with a previous study in which 14 children with AD in remission who had a significantly higher number of arousals and awakenings than non-AD control subjects, most of which were not related to itching or scratching. 21 To address this, we constructed regression models with stepwise selection to identify additional associations with poor sleep outcomes in AD. Comorbid hay fever and anxiety were associated with an increased SRI; these were previously found to be associated with poor sleep outcomes. 22, 23 Future studies are needed to identify the ideal interventions to improve SD and SRI in adult AD.
Given their significant burden, routine screening for SDs seems warranted in adults with AD. However, the ideal screening instruments have yet to be established. An ideal screening instrument should be low cost, reliable, quickly and easily completed, and able to be incorporated in the busy clinical practice setting. Polysomnography is considered the criterion-standard objective measure of sleep but is fairly expensive and typically performed over an 8-hour period in an inpatient setting. Actigraphy can be used to record nighttime movement over a 7-to 30-day period and has been pilot and feasibility tested in the ambulatory clinical setting. However, actigraphy watches are expensive and can be easily lost by patients, especially because most are not waterproof and must be taken off before showering, swimming, and so on. We suggest using previously validated PRO assessments, such as the Pittsburgh Sleep Quality Index or PROMIS SD or SRI short forms. The Pittsburgh Sleep Quality Index is a validated, free, extensively used, self-reported instrument but can take 5 to 10 minutes to complete and has a complex scoring algorithm, 24 which may be a little cumbersome for incorporation into primary care, dermatology, and allergy settings. Patient-Reported Outcome Measurement Information System SD and SRI short forms can be completed within 2 to 3 minutes and are easy to score, with lookup tables to convert to T-scores allowing for a comparison with the general population. 8 An alternative, perhaps enabled by further study, is the use of 1 to 2 highly predictive PROMIS sleep questions, response to which produces adequate sensitivity and specificity for clinical use. Clinical validation studies are underway to validate the use of these instruments in the clinical setting for AD. This study has several strengths, including being prospective, inclusion of a large number of subjects at all levels of AD severity, and use of validated PRO assessments for AD severity (POEM, 4,5 selfreported AD severity, 25 SA-EASI, 6 and VAS-itch 7 ) and SD and SRI (PROMIS). The PROMIS SD and SRI T-scores allowed for a comparison of adults with AD from this study with those of the general population. All of the analyses found highly consistent results across multiple measures of AD severity. However, this study has potential limitations. We were not able to determine the impact of sedating antihistamines and other medications on sleep. Although sedating antihistamines are commonly used to treat SDs in AD, they have been shown to cause residual daytime sedation and decreased vigilance and cognitive functioning. 26, 27 The study was cross-sectional and was not able to capture the impact of waxing and waning AD on SDs. An objective assessment of AD extent and severity by a clinician was not performed. Future longitudinal, clinical studies would further address these points.
In conclusion, SD and SRI occurred even in mild AD but were most common in severe AD. We recommend routine screening of adults with AD for SDs in clinical practice. It may be that a multidisciplinary approach that aims to improve itch and AD severity, as well as symptoms of allergic diseases and mental health, is needed to achieve good sleep outcomes. 
